Oligosaccharides, whether linked to lipid or to protein, present a challenge to the structural chemist. The reasons for this state of affairs have been admirably summarized by Montreuil (1971) as follows: ( I ) complexity of oligosaccharide structure; (2) heterogeneity of most biological oligosaccharides; (3) unsatisfactory nature of methods of structural analysis. The complexity of oligosaccharide structures arises from the nature of monosaccharides themselves, which, when joined together, are capable of forming a large number of isomers. Thus a hexose such as D-galactose, in the preferred pyranose form, can be substituted (in addition t o position C-I) a t positions C-2, C-3, C-4 or C-6, and the substituting monosaccharide can form an a-or /&linkage. There are therefore I 1 possible galactose-containing disaccharides. When six monosaccharides of several different types are linked together, the number of structures that are theoretically possible becomes very large.
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Several kinds of heterogeneity occur in the oligosaccharide units of glycoproteins and it would be surprising if there were not a similar degree of heterogeneity in glycolipids. This creates a number of problems in research. Ideally one should carry out any structural studies on homogeneous material, as the interpretation of data from heterogeneous material is difficult. The problem arises when one attempts t o separate material containing a number of closely related oligosaccharide units. Probably most of the work in the glycoprotein field has been carried out on heterogeneous material. The final difficulty in the investigation of oligosaccharide structure is in the lack of suitable methodology. This is perhaps less of a problem than it was a few years ago, since a number of techniques are now available which have simplified such studies. One of these techniques is g.l.c., which, apart from its analytical function, can be used in combination with a number of procedures for the investigation of oligosaccharide structure.
Two principal techniques are used for the analysis by g.1.c. of the carbohydrate content of biological materials. These differ in the method used for cleavage of the carbohydrate-containing polymeric material and in the derivative made for chromatography. The first is based on hydrolysis with aqueous acid, followed by reduction of the liberated aldoses to the corresponding glycitols, which are then acetylated (alditol acetate method). The second depends on methanolysis, yielding the methyl glycosides, together with the methyl esters of carboxyl groups, as in sialic acid. These products are then converted into the 0-trimethylsilyl ethers for chromatography. Both systems have advantages and disadvantages, although our experience favours the methanolysis procedure for the following reasons.
( I ) Methanolysis appears to be as efficient, if not more efficient, at cleaving glycosidic linkages (Chambers & Clamp, 1971) .
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(2) The monosaccharide residues are more stable to methanolysis than to aqueous acid hydrolysis.
(3) The trimethylsilyl derivatives give a better response in the flame ionization detector.
(4) After methanolysis most monosaccharides give a characteristic set of peaks (multiple peak pattern). This has two advantages. (i) The identification of any monosaccharide is more certain from a peak pattern than from a single peak. (ii) If any peak is obscured by some contaminant, as often happens in biological materials, the monosaccharide can still be calculated from the unobscured peaks.
(5) This technique can deal with all the monosaccharides likely to occur in glycoproteins or glycolipids, including acetamidohexoses and sialic acid.
Anyone setting up a g.1.c. analytical system is advised to establish for their own machine the relative retentions of the individual monosaccharides, together with their relative responses. It should also be established that there is linearity between the peak area ratio (that is the ratio of the total peak area of the monosaccharide to that of the internal standard) and the mol (or weight) ratio.
To summarize then, g.1.c. can be used for general analytical purposes to determine the carbohydrate content of most biological materials, and the advantages of the method are its sensitivity and the fact that all the monosaccharides of interest can be separated, identified and quantified in a single procedure.
The technique at present used in our laboratory may be summarized as follows.
(1) Methanolic HCI is prepared by bubbling HCI gas into dry methanol until the solution is 1 .OM. The solution is then divided up into fractions of suitable size and stored under Nz in sealed ampoules in a deep-freeze until required.
(2) The sample, containing approx. 1 .Opmol of total carbohydrate together with 0.1 pmol of mannitol as internal standard, and 0.5ml of methanolic HCI is heated under N2 in a sealed ampoule at 85°C for 24h. At the end of this time the solution is neutralized with solid Ag2CO3 and 0.1 ml of acetic anhydride is added directly to the same ampoule. The solution is left overnight and then centrifuged in a bench centrifuge. The sediment is triturated with 0.5 ml of methanol, and this is repeated two or three times. The combined supernatant solutions are transferred to a clean flask, which is then flashevaporated to dryness. The flask is stored in a vacuum desiccator over phosphorus pentoxide until required.
At this stage we have found it convenient to introduce two modifications to the set procedure.
Occasionally something in the sample interferes with mannitol, and with theloss of the internal-standard peak the amount of carbohydrate in the sample cannot be calculated. As a precaution, therefore, we add a second internal standard, namely 0.1 pmol of arabinitol in 0.1 ml of methanol to the flask, which is then dried once more.
The second procedure is carried out if there is reason to believe that lipid material may be present in the sample. Lipids, particularly fatty acids with 16-24 carbon atoms, interfere with the carbohydrate analysis. These can be removed by adding 0.5ml of n-hexane to the dried sample in the flask, shaking for about 1 min on a Rotamixer, centrifuging and removing the supernatant. This is repeated twice more. After drying, the residue can be treated in the usual way for carbohydrate analysis and the extracted material can be examined for its lipid content.
(3) The final stage of the procedure for carbohydrate analysis consists of triturating the dried material with 0.1 ml of a freshly prepared mixture of trimethylchlorosilane, hexamethyldisilazane and pyridine in the proportions 1 : 1 : 5 (by vol.). A number of socalled more powerful silylating agents have been marketed over the years, but we have foundnothing better than this original mixture. Thesolutionis now left for 30min, centrifuged and 1-1Op1 of the supernatant injected into the gas chromatograph. The column consists of 4 % SE-30 on any suitable white support such as Gas-Chrom Q. We prefer SE-30 to other preparations such as OV-1, because it appears to give better separation, particularly of the more volatile components. The chromatograph is temperature-programmed from 140 to 200°C at O.S"C/min or from 120 to 200°C at l"C/min. 571st MEETING. DUBLIN Laboratories attempting to set up this method often encounter problems. In our experience the majority of these problems are of two kinds. Thus problems arise when attempts are made to change the procedure in some way in order to 'improve' it or to solve some problem that has been encountered. Perhaps a list of some of the more common modifications may help others to avoid them. (a) Make methanolic HCI with thionyl or acetyl chloride instead of HCI gas. (b) Attempt to remove methanolic HCI by flash evaporation. (c) Use some other salt or resin instead of Ag2C03 for neutralization. ( d ) Transferring the neutralized methanolic solution to a clean flask before adding acetic anhydride. ( e ) Extracting the final derivatives into some solvent before injection. All these modifications and many others appear to be improvements, but can lead t o problems of their own.
The second most common problem is encountered when attempts are made to use a poorly conditioned column. This problem can be recognized from the chromatogram obtained with a standard monosaccharide mixture. The peaks from a satisfactory column should be absolutely symmetrical, but in this case the peaks show considerable tailing and even some loss, particularly of polar sugars (acetamidohexoses and sialic acid). The solution of this problem is quite simple; one should keep the column at 140°C with a slow Nz flow (about 5 ml/min) and inject on to the column as often as possible a few microlitres of the silylating mixture. Gradually the condition of the column will improve and may be tested every few days with a standard monosaccharide mixture. When thecolumnisfunctioningsatisfactorily, it will be kept in condition by the silylating mixture that is injected with each sample. This is indeed the reason why it is important not t o extract the final trimethylsilyl derivatives into a solvent such as chloroform before injection. This procedure certainly eliminates the large initial solvent peak, but gradually the column loses conditions. The oligo-and poly-saccharide structures of glycolipids satisfy many of the criteria for cell-surface receptors, in common with glycoproteins. Such receptors may play primary roles in cell interactions based on the mutual binding of complementary molecules on adjacent cells. This form of contact interaction could determine cell social behaviour and thus certain aspects of morphogenesis, differentiation and malignancy. We suppose these molecules are integral with the plasma membrane and that their polyglycan units form a sort of sugar 'lawn' on the cell surface rather than a coat or glycocalyx (Fig. 1) . It is not incidental that glycoproteins and glycolipids preferentially exist on the cell surface instead of, for example, on the cytoplasmic face of the plasma membrane. Aside from the enormous diversity in detailed structure that could be generated in heteropolysaccharides (Hughes, 1975) the major feature of these structures is that the synthesis and incorporation of some of them are particularly sensitive to and might regulate several phenomena. These include the cell cycle, the effect of neighbouring cells (growth density) and malignant transformation (for a review see Critchley & Vicker, 1977) . Thus the glycolipid heteroglycan patterns of cells that have ceased growth after extensive intercellular contact (topoinhibition; Dulbecco, 1970) display a number of larger, more complicated density-dependent glycolipids. There is a simultaneous decrease in the amount of a particular group of glycoprotein polyglycans (Warren et al., 1974) . On the other hand, the pattern of glycolipids and glycoproteins of growing normal cells as well as those of V O l . 5
